Background. Endophthalmitis post cataract surgery is rare, but the incidence and complications are higher in diabetics. Objectives. We present 3 diabetic patients who underwent cataract surgery and developed endophthalmitis postoperatively. Material and methods. This is a retrospective case series of diabetic patients who underwent cataract surgery and developed endophthalmitis postoperatively between September 2015 and august 2016. The medical records were retrieved from the system, and data was collected. Results. The patients eventually had different visual outcomes depending on the severity of endophthalmitis. Case 1. The patient developed delayed subtle postoperative endophthalmitis at 8 weeks post cataract operation, with underlying foot cellulitis and poor blood sugar control. The patient responded well to topical and systemic antibiotics and stabilization of blood sugar. Case 2. The patient presented with delayed postoperative endophthalmitis secondary to a suture abscess of the cataract wound at 7 months post implantation of an anterior chamber intraocular lens. There was complete resolution of the infection after administration of topical, intravitreal and systemic antibiotics, with a good control of blood sugar. Case 3. The patient presented with acute severe postoperative endophthalmitis with the presence of hypopyon at day 5 following cataract surgery. There were no obvious risk factors besides poor control of blood sugar, but Streptococcus mitis was isolated from the vitreous specimen. The endophthalmitis worsened in spite of topical, intravitreal and systemic antibiotics, as well as vitrectomy. Evisceration was eventually performed for the painful blind eye. Conclusions. although endophthalmitis following cataract surgery is rare, the incidence and complications are much higher in diabetic patients.
Background
postoperative infectious endophthalmitis is an intraocular inflammation caused by an infective process that occurs following intraocular surgery, which accounts for significant visual morbidity [1] . acute postoperative infectious endophthalmitis usually presents within 2 weeks of surgery, whereas delayed-onset infectious endophthalmitis usually present with onset ranges from 4 weeks to years following surgery [2] . Cataract surgery has become one of the most prevalent surgical procedures worldwide, mainly due to changes in population structure and increased life expectancy. a study by Congdon et al. revealed that cases of a cataract in the united States are estimated to increase from 20 million in 2000 to 30 million in 2020 [3] . Similarly, in Malaysia, a cataract is the main cause of blindness (58%) and low vision (68%), based on the national Eye Survey 2014 [4] .
Cataract surgery, being the most common performed ocular surgery, is the most common type of surgery preceding endophthalmitis. in Malaysia, the rate of postoperative endophthalmitis following cataract surgery, based on the national Cataract Surgery registry of Ministry of Health hospitals, was 0.19% in 2002, 0.24% in 2003 and 0.16% in 2004 [1] . Various risk factors have been identified that cause endophthalmitis, and diabetes is one of the important risk factors. a review of literature suggests that persons with diabetes are at increased risk of developing endophthalmitis after intraocular surgery. previous reports showed that 14% to 21% of patients with endophthalmitis were diabetic [5, 6] .
generally, diabetes mellitus is a systemic condition that potentially has an effect on the severity of endophthalmitis, and as literature has shown, diabetic patients have confirmed growth in cultures more often than non-diabetic patients (84.5% vs 66.8%) [7] . patients with diabetes mellitus have altered immunity in the body system, which leads to increased risk of developing endophthalmitis [8] .
disturbances in cellular innate immunity play an important role in the pathogenesis of the increased prevalence of infections in diabetic patients. This is probably due to decreased functions (chemotaxis, phagocytosis, killing) of polymorphonuclear cells and monocytes/macrophages in diabetic patients. a study by lecube et al. stated that the extent of impairment of phagocytosis in patients with diabetes mellitus oscillates in relation to glycemic control. Therefore, persistently poor diabetic control could have a progressively deleterious effect, predisposing affected individuals to an increased incidence and severity of infection [9] .
The occurrence, clinical presentation and severity of postoperative endophthalmitis depends on the route of infection, the virulence and number of inoculated pathogens, the patient's immune state, as well as the timing of initial presentation [10] . However, the outcome of postoperative infectious endophthalmitis has generally improved in recent years, as a result of better understanding of the disease process, pathogenicity of the organisms and host defense mechanisms, coupled with the availability of better drugs, intravitreal drug therapy and vitrectomy.
Objectives
The purpose of our case series is to describe various clinical presentations of postoperative endophthalmitis, specifically post cataract surgery, with underlying diabetes mellitus, in our local hospital setting.
Material and methods
This is a retrospective case series of diabetic patients who underwent cataract surgery and developed endophthalmitis postoperatively between September 2015 and august 2016. The medical records were retrieved from the system, and data was collected.
Results

Case 1
a 65-year-old female who was a known case of diabetes mellitus for 10 years with good control of blood sugar with a latest Hba 1c result of 6.8% presented with an immature cataract and moderate non-proliferative diabetic retinopathy in both eyes. Her visual acuity over the right eye was 6/30, and the left eye was 6/120. She had an uneventful phacoemulsification and posterior chamber intraocular lens (iol) implantation in her left eye. However, her left eye visual acuity was 6/45 postoperatively due to significant postoperative corneal edema. The patient was treated with guttae prednisolone 2 hourly and guttae moxifloxacin 2 hourly, and the medications were tapered down gradually over 6 weeks.
at 6 weeks postoperatively, her left visual acuity was 6/18, with resolution of anterior chamber inflammation and corneal edema. However, at 8 weeks postoperatively, she complained of left eye redness with a duration of 2 days. This was associated with purulent discharge and reduced vision. Her left eye visual acuity deteriorated to 6/24. There was the presence of a ciliary injection and moderate inflammation in the anterior chamber, with an absence of hypopyon and vitritis (photo 1).
Photo 1.
The left eye showed moderate inflammation of the anterior chamber with an absence of hypopyon (case 1) upon further questioning, the patients claimed she had a left big toe swelling for a week prior to the eye redness. This was associated with low grade fever. Examination of the left foot showed diffuse swelling over the big toe area, extending up to the ankle, with surrounding skin inflammation (photo 2). There was tenderness at the medial side of the foot, but the swelling did not fluctuate, and there was an absence of pus discharge. a plain radiograph of the left foot showed soft tissue swelling, suggestive of soft tissue inflammation, without evidence of osteomyelitis. Systemically, the patient was afebrile with stable vital signs.
Photo 2.
The left foot showed cellulitis and was swollen and inflamed over the right big toe area at presentation (Case 1)
The patient was treated as delayed subtle postoperative endogenous endophthalmitis in her left eye with left foot cellulitis. She was given intravitreous ciprofloxacin 400 mg 12 hourly and C-penicillin 2.4 mega unit 6 hourly for 1 week. For the left eye, the patient was treated with guttae moxifloxacin 2 hourly and guttae prednisolone 2 hourly. in view of no posterior segment involvement, an intravitreal antibiotic was not administered.
While in the ward, her glucometer was unstable, ranging from 4 to 11 mmol/l. besides continuing her oral hypoglycemic agents, she also was started on an injection of insulatard (10 unit on a nightly basis). The blood sugar was stable after optimization of treatment.
at 1 week post treatment, her left visual acuity improved to 6/18, with a significant reduction in anterior chamber inflammation. Her left foot cellulitis resolved concurrently. She was discharged after a week with oral cloxacillin 500 mg 6 hourly and oral ciprofloxacin 500 mg 12 hourly for another 1 week. guttae moxifloxacin and prednisolone were tapered down to 4 hourly for a 1 month duration. Her visual acuity was 6/18 at the subsequent follow-up, and there were no signs or symptoms of endophthalmitis.
Case 2
a 51-year-old Chinese male who was diagnosed to have diabetes mellitus for 10 years with good control of blood sugar underwent an uneventful bilateral cataract operation with iol implantation 15 years ago and had good vision postoperatively.
He presented with painless blurring of vision in the left eye for a 1 year duration. His visual acuity worsened from 6/9 to 6/60 over the affected period. ocular assessment revealed an associated with eye redness, but no eye discharge. He denied a history of recent ocular trauma or possible risk of systemic infection. His right eye vision subsequently deteriorated to perception to light. an ocular examination revealed swollen eyelids, chemoses and an injected conjunctiva. The cornea was hazy with a 4 mm level of hypopyon in the anterior chamber (photo 3a). Seidel sign was negative over the surgical wound, with no corneal epithelial defect, eye discharge, suture abscess or vitreous incarceration seen at the surgical site. He was hemodynamically stable and afebrile. The capillary blood sugar was 12.7 mmol/l with Hba 1c of 9.9%. a further ocular examination revealed good lid hygiene with no signs of possible infection, such as nasolacrimal blockage or surrounding skin infection. He had no evidence of diabetic complications, and other systemic co-morbidities were well controlled. a diagnosis of acute postoperative endophthalmitis was made, and intravitreal antibiotics (vancomycin 2 mg /0.1 ml and ceftazidime 2 mg /0.1 ml) were given immediately to the right eye after performing an intravitreal tap. However, the vitreous sample was clear, and the culture did not yield any growth. He was also started on intravenous ciprofloxacin 400 mg 12 hourly, intravenous ceftazidime 2 g 8 hourly, guttae moxifloxacin hourly and guttae ceftazidime hourly. a urine and blood culture for bacteria and fungus showed no growth.
despite intensive topical and systemic treatment, the patient's right eye condition worsened rapidly with total hypopyon noted two days later (photo 3b). He was then referred to the vitreoretinal team for vitrectomy. The patient underwent right eye limited anterior vitrectomy, explantation of anterior chamber iol and intravitreal antibiotic (vancomycin 2 mg /0.1 ml and ceftazidime 2 mg /0.1 ml). intraoperative findings showed a very dense hypopyon adhered to the corneal endothelium, dense vitreous opacity and extrusion of necrotic tissue upon explantation of the anterior chamber iol. a vitreous specimen from vitrectomy, as well as eye swab, revealed Streptococcus mitis. There was a poor response despite intensive treatment, and his right eye condition deteriorated to no perception to light. at 1 month post vitrectomy, there was reaccumulation of hypopyon in the right eye, and it progressively became phthisical. He unfortunately underwent evisceration for a painful blind eye at 2 months post vitrectomy.
The summary of the onset of endophthalmitis post cataract surgery, status of diabetes mellitus, risk factors, vision at presentation and final vision, treatment and the outcome of the 3 cases are shown in Table 1. inferior subluxation of the posterior chamber iol. He underwent an extraction of the subluxated posterior chamber iol followed by implantation of an anterior chamber iol. at 1 month postoperatively, his visual acuity improved to 6/6, with resolution of postoperative inflammation.
Seven months later, he presented with left eye redness for a 1 month duration. it was associated with eye discharge and blurring of vision. His left visual acuity deteriorated from 6/6 to 6/18. an ocular examination revealed an injected conjunctiva with the presence of a suture abscess at the superior part of the corneal limbal wound. There was the presence of moderate anterior chamber inflammation without hypopyon or vitritis. a diagnosis of delayed postoperative endophthalmitis was made. He was started on intravenous ciprofloxacin 400 mg 12 hourly, guttae moxifloxacin 2 hourly and guttae prednisolone 2 hourly. an eye swab of the suture abscess was taken prior instillation of topical antibiotic. a left eye intravitreal tap was immediately done followed by intravitreal antibiotics (vancomycin 2 mg /0.1 ml and ceftazidime 2 mg/0.1 ml). His visual acuity improved to 6/9 after 4 days of treatment. There was resolution of the suture abscess, with reduction of anterior chamber inflammation. an eye swab and vitreous specimen showed no growth of microorganisms.
Systemic ciprofloxacin was continued with oral administration for another 1 week 7 days after completion of intravenous ciprofloxacin. guttae moxifloxacin and prednisolone were tapered down gradually over a period of 1 month. His blood glucose was well controlled with Hba 1c of 6%. at the 1 month follow-up, his visual acuity improved to 6/7.5 and remained stable during subsequent reviews. There were no signs or symptoms of endophthalmitis observed during the last 5 month follow-up.
Case 3
a 67-year-old male with underlying diabetes mellitus and ischemic heart disease underwent cataract surgery on his right eye. The operation was complicated, with a posterior capsule rupture, but an anterior chamber iol was successfully implanted. day 1 postoperatively, the right eye visual acuity was 6/36. He was discharged with guttae prednisolone 2 hourly, guttae moxifloxacin 2 hourly and guttae nepafenac 8 hourly over the right eye and was given a follow-up date of 1 week postoperatively. The blood sugar was well controlled during the admission period and also on the day of discharge.
However, on day 5 postoperatively, he presented with painful loss of vision in the right eye for a 1-day duration. This was Studies by Combey de lambert et al. [14] and EVS [7] both identified bacterial virulence as one of the main independent factors of visual outcome, which shows the influence of bacterial virulence on final visual prognosis, by taking into account baseline clinical factors. a report by Combey de lambert et al. showed that culture-negative cases are usually associated with a better final visual outcome [14] . This is probably due to culture negative cases having a relatively lower level of inoculums, which were undetected by conventional cultures or pCr techniques despite infection. Similarly, in our case series, only Case 3, with the most severe initial presentation, showed positive culture results with a Streptococcus mitis yield from the eye swab and vitreous sampling culture. This patient had the worst final visual outcome, which was no perception to light, as compared to Case 1 and 2, with a final visual acuity of 6/18 and 6/7.5, respectively. a review of literature showed that approx. 14 to 21% of all patients who develop postoperative endophthalmitis after cataract operations are diabetic patients [11, 15] . diabetic patients who developed endophthalmitis after cataract surgery tend to have poorer visual outcome, especially if diabetic retinopathy is present pre-operatively [15] . However, other studies stated that pre-existing diabetes mellitus has not yet been confirmed as an isolated risk factor for postoperative infectious endophthalmitis after cataract surgery [7, 16] .
in EVS, endophthalmitis patients with diabetes mellitus particularly benefited from vitrectomy, even when their initial vision was better than light perception [7] . EVS also stated that visual acuity at initial presentation was the most powerful predictor of visual outcome and of whether or not patients were likely to benefit from vitrectomy. This is probably because the vision at initial presentation reflected the virulence of the infecting microorganism, as well as the duration of the infection and the host's response to the infection. Thus, relative to microbiological results, presenting visual acuity appears to provide a more accurate basis for judging the value of immediate vitrectomy in acute bacterial endophthalmitis after cataract surgery or secondary iol implantation [17] . in our case series, only Case 3, with Discussion postoperative infectious endophthalmitis is a rare but devastating condition which can lead to blindness. postoperative infectious endophthalmitis may presents as two distinct entities: early or acute endophthalmitis, which occur within a few days of the procedure; and chronic or delayed endophthalmitis, which can present several weeks to months after surgery with more subtle symptoms. in Case 1 and 2, the patients presented with a subtle anterior chamber reaction with no vitritis seen and relatively good initial visual acuity clinically. on the other hand, Case 3 presented early, within a few days after surgery, with very severe infection and poor initial visual acuity. Studies showed that an initial visual acuity level has a good correlation with the visual prognosis [11, 12] , and this was one of the most important prognostic factors stated in the Endophthalmitis Vitrectomy Study (EVS) [7] . it may be useful for clinicians by identifying prognostic factors of poor visual outcome at presentation, because these patients would probably benefit from more aggressive treatment.
Differential diagnosis of acute severe inflammation in the immediate postoperative period includes infection, surgical trauma, toxic anterior segment syndrome (TaSS), retained lens fragments and uveitic syndromes. although the clinical distinction between these conditions can sometimes be difficult, infection must be first ruled out, because a slight delay in treatment can result in irreversible severe vision loss. on the other hand, endogenous infection and masquerade syndromes are among the differential diagnosis of chronic postoperative endophthalmitis. To aid in diagnosis and management, vitreous sampling for culture and sensitivity is essentially important. as established by the EVS, the initial treatment of post cataract surgery endophthalmitis is specimen collection and antibiotic administration. a vitreous specimen is preferred, as this roughly doubles the diagnostic yield compared to an aqueous specimen (54.9% vs 22.5%) [13] . duce the risk of postoperative endophthalmitis up to five-fold in a multicenter European study [1, 16] . Thus, improvement in surgical techniques, equipment sterilization, antiseptic measures and antibiotic prophylaxis will definitely reduce the risk of developing postoperative endophthalmitis in both diabetic and non-diabetic patients. However, perioperative blood glucose control is still necessary in diabetic patients. Education on the importance of perioperative blood sugar optimization is crucial. rapid correction of blood glucose should be avoided in patients with moderate to severe non-proliferative diabetic retinopathy, as it may increase the risk of postoperative progression of retinopathy and maculopathy, thus influence the postoperative visual prognosis [18] . Hence, better education and co-management with physicians and family doctors is necessary.
Conclusions
although endophthalmitis following cataract surgery is rare, the incidence and complications are much higher in diabetic patients. Visual acuity at presentation is the predictor of the visual outcome. awareness of early detection and public health education of this disease are very crucial, as these will prevent subsequent complications of blindness or death.
initial visual acuity of only light perception, proceeded with vitrectomy. However, in this case, vitrectomy did not improve the final visual outcome.
To the best of our knowledge, there is no review of literature suggesting the correlation between diabetic control and the incidence of postoperative infectious endophthalmitis. The association between glycemic control and the type of endophthalmitis was unclear and is yet to be determined. Most, but not all, literature suggested that diabetic patients are at increased risk of developing endophthalmitis after intraocular surgery [6, 8] . nevertheless, there are many other potential pre--operative, intra-operative and postoperative risk factors which may contribute to the occurrence of postoperative infectious endophthalmitis [1] .
as the ocular surface is a common source of pathogens, various measures have been used to prepare the ocular surface before surgery to reduce normal ocular surface flora. antiseptic measures, such as instillation of a topical 5% povidone iodine solution into the conjunctival sac just before surgery, significantly reduced the incidence of culture positive endophthalmitis. on top of this, an intracameral injection of 1 mg cefuroxime in 0.1 ml of 0.9% sterile sodium chloride solution at the end of phacoemulsification surgery has been shown to significantly reSource of funding: This work was funded by the authors' own resources. Conflict of interest: The authors declare no conflict of interests. 
